Structural, elastic, electronic, and optical properties of cubic perovskite CsCaCl3 are calculated using the full-potential linearized augmented plane wave method in the density functional theory. The exchange-correlation potential is evaluated using the local density approximation and generalized gradient approximation. Further, the modied BeckeJohnson potential is also applied for studying the electronic and optical properties. The calculated structural properties such as equilibrium lattice constant, the bulk modulus and its pressure derivative are in good agreement with the available data. The elastic properties such as elastic constants, anisotropy factor, shear modulus, Young's modulus and Poisson's ratio are calculated. The calculations of electronic band structure, density of states and charge density show that this compound has an indirect energy band gap (M Γ ) with a mixed ionic and covalent bonding. Calculations of the optical spectra such as the real and imaginary parts of dielectric function, optical reectivity, absorption coecient, optical conductivity, refractive index, extinction coecient and electron energy loss are performed for the energy range of 030 eV. Most of the studied properties are reported for the rst time for CsCaCl3.
Introduction
The scintillation detector is one of the most widely used radiation detectors. At present there is a strong interest in development of new fast inorganic scintillates for applications in high-energy physics, medical diagnostics and materials science. Scintillator crystals provide eective radiation sensors that can be used in advanced medical imaging, enhanced security from nuclear threats and many other related applications. The ultimate performance of a single crystal scintillator-based radiation monitoring device is strongly tied to both the physical and the scintillation properties of the crystals. The ternary chlorides having the perovskite structure show many potential applications due to their wide band gaps and optical properties [1, 2] .
The crystals of ABX 3 (A is a cation with dierent valence, B is a transition metal, and X is oxide or halide) type which crystallize in a perovskite-like structure are acousto-optic materials of interest [3] . These crystals are also model substances for the study of phase transition. For example, the CsCaCl 3 is a cubic chloride perovskite at room temperature (Pm-3m ). It undergoes a cubic to tetragonal phase transition at low temperature (T c = 95 K) [4, 5] . CsCaCl 3 melts congruently at 1182 K and crystallizes in a cubic structure [6] . Crystalline CsCaCl 3 has been previously reported as a self-activated scintillator with corevalence luminescence [7] . Features of the core valence luminescence and electron energy band structure of CsCaCl 3 are also reported [8] . Photoluminescence, * corresponding author; e-mail: v_veeraiah@yahoo.co.in thermal luminescence, and luminescence excitation spectra of CsCaCl 3 (pure and impure) in the temperature range 79350 K [9] have been investigated and reported.
Hence, CsCaCl 3 is a potential compound for crystal scintillators [10, 11] .
Our aim in this paper is to investigate the structural, elastic, electronic, and optical properties of CsCaCl 3 compound using a recent technique called modied
BeckeJohnson potential (mBJ). The mBJ is known for overcoming the problem of underestimation of bandgap in case of local density approximation (LDA) and generalized gradient approximation (GGA). To the best of the authors' knowledge, density of states (DOS) has been reported by Chornodolskyy et al. [8] , electronic structure and optical properties have been reported by Tyagi et al. [12] , using GGA approximation. Moreover, neither experimental nor theoretical eorts have been made by them to discern the elastic properties like elastic constants, anisotropy factor, shear modulus, Young's modulus, Poisson's ratio for this compound.
In this work, we will contribute to the study of the perovskite chloride CsCaCl 3 by performing a rst-principles investigation of their structural, elastic, electronic, and optical properties using the full potential linearized augmented plane wave (FP-LAPW) method in the density functional theory (DFT) framework within GGA and LDA using the WIEN2K code [13] . The use of rst--principles calculations oers one of the most powerful tools for carrying out theoretical studies of an important number of physical and chemical properties of the condensed matter with great accuracy [14, 15] .
The paper is organized as follows. After a brief introduction in Sect. 1, the theoretical framework within which all the calculations have been performed is out-
lined in Sect. 2. We present and discuss the results of our study in Sect. 3. A conclusion of the present investigation is given in Sect. 4.
Computational details
The rst-principles calculations are performed using the full potential linearized augmented plane wave (FP--LAPW) method as implemented in WIEN2K code [13] .
The exchange-correlation potential is calculated within the local density approximation (LDA) [16] or generalized gradient approximation (GGA) by PerdewBurke Ernzerhof (PBE) [17] or Wu and Cohen (WCGGA) [18] .
The recent mBJ [19] is also applied to calculate the elec- for Cl, respectively. The experimental lattice constant is a 0 = 5.396 Å as reported by Moreira and Dias [20] and other works [5, 8] . Figure 1 shows the crystal structure of CsCaCl 3 . The volume versus energy is tted by the BirchMurnaghan equation of state [22] .
From this t, we can get the equilibrium lattice constant (a 0 ), bulk modulus (B 0 ) and pressure derivative of the bulk modulus (B ). These values are shown in Table I .
We performed our calculations by using LDA and 
Elastic properties
The elastic constants C ij are fundamental and indispensable for describing the mechanical properties of materials. The elastic constants are important parameters that describe the response to an applied macroscopic stress. The elastic constants of solids provide a link between the mechanical and dynamical behaviour of crystals, and dene how a material undergoes stress deformations and then recovers and return to its original shape af- ter stress ceases [23] . The elastic constants are important parameters of a material and can provide valuable information about the structural stability, the bonding character between adjacent atomic planes, and anisotropic character. For cubic system, there are three independent elastic constants C 11 , C 12 and C 44 . In order to determine them, the cubic unit cell is deformed using an appropriate strain tensor to yield an energy-strain relation. In this work, we have used the method developed by Charpin and implemented in the WIEN2K package [13] . In Table II we summarize the calculated elastic constants and the bulk modulus. From Table II , we remark that the calculated elastic constants within the LDA are higher than the GGA calculated values. The obtained bulk modulus using the LDA is higher than that obtained within the GGA. The calculated elastic constants C ij are positive and satisfy the mechanical stability criteria [24] in a cubic crystal: (C 11 C 12 ) > 0; (C 11 + 2C 12 ) > 0; C 11 > 0; C 44 > 0, and the bulk modulus B also should satisfy a criterion: C 12 < B < C 11 .
The bulk modulus calculated from the elastic constants B = (1/3)(C 11 + 2C 12 ) within the LDA and GGA approximations is in good agreement with that obtained from the total energy minimization calculations (see Table I ). One can notice that the unidirectional elas- Table II) , by using the following relations [28] : tained by Chornodolskyy et al. [8] and Tyagi et al. [12] .
As the DFT within both LDA and GGA is known to underestimate the band gap values, the latest approach of mBJ is used to remove this discrepancy and to obtain a reliable band gap for the CsCaCl 3 compound. On the basis of dierent bands; the total density of states (TDOS) could be grouped into four regions and the contribution of dierent states in these bands can be seen from the partial density of states (PDOS). The rst region around −6.0 eV comprising a narrow band due to the Cs 5p state is clearly seen from Fig. 4b . In the second region around −2.8 eV to the Fermi energy level, majority contribution is due to Cl 3p states (seen in Fig. 4d ) and minority contribution is due to Ca 3d states. There is hybridization between Ca 3d with Cl 3p states in this 
Dielectric and optical properties
The dielectric function ε(ω) = ε 1 (ω) + i ε 2 (ω) is known to describe the optical response of the medium at all photon energies. The imaginary part ε 2 (ω) is directly related to the electronic band structure of a material and describes the absorptive behaviour. The imaginary part of the dielectric function ε 2 (ω) is given [34, 35] by
where M is the dipole matrix, i and j are the initial and nal states, respectively, f i is the Fermi distribution function for the i-th state, and E i is the energy of electron in the i-th state with crystal wave vector k. The real part ε 1 (ω) of the dielectric function can be extracted from the imaginary part using the KramersKronig relation in the form [36, 37] :
where P implies the principal value of the integral.
The FP-LAPW is a good theoretical tool for the calculation of the optical properties of a compound. The optical properties give useful information about the internal structure of the CsCaCl 3 compound. The mBJ GGA method is used to calculate the optical properties of this compound. The imaginary part ε 2 (ω) and the real part ε 1 (ω) of the dielectric function, refractive index n(ω), extinction coecient k(ω), reectivity R(ω), energy loss function L(ω), optical conductivity σ(ω) and absorption coecient α(ω) of CsCaCl 3 are shown in Fig. 6 , as functions of the photon energy in the range of 030 eV. The imaginary part ε 2 (ω) gives the information of absorption behaviour of CsCaCl 3 . In the imaginary part ε 2 (ω), the threshold energy of the dielectric function occurs at E 0 = 6.93 eV, which corresponds to the fundamental gap at equilibrium. It is well known that the materials with band gaps larger than 3.1 eV work well for applications in the ultraviolet (UV) region of the spectrum [38, 39] . Hence this wide band gap material could be suitable for the high frequency UV device applications.
>From Fig. 6a for the imaginary part ε 2 (ω), it is clear that there is a strong absorption peak in the energy range of 7.0920.0 eV. So, it can also be used as a lter for various energies in the UV spectrum. The maximum absorption peak is at 14.92 eV. The peaks around 8.0 eV to 10.23 eV appear due to the electronic transition from Cs 5p state of the valence band (VB) to the unoccupied Ca 3d and Cs 5d states in the conduction band (CB).
The peaks in the range of 12.6320 eV appear due to the transitions from Cs 5p state of the VB to the unoccupied Cs 4f , and Cl 3d states of the CB.
The real part of the dielectric function ε 1 (ω) is displayed in Fig. 6b . This function ε 1 (ω) gives us information about the electronic polarizability of a material. The static dielectric constant at zero is obtained as ε 1 (0) = 2.56. From its zero frequency limit, it starts increasing and reaches the maximum value of 4.89 at 7.40 eV, and goes below 0 in negative scale for the ranges of 15.2420.46 eV and 27.4428.29 eV.
The refractive index and extinction coecient are displayed in Fig. 6c and d. In Fig. 6c, we Table IV . Refractive index less than unity (V g = c/n) shows that the group velocity of the incident radiation is greater than c.
TABLE IV
Calculated zero frequency limits of refractive index n(0), reectivity R(0), energy range for n(ω) < 1, maximum values of refractive index n(ω), reectivity R(ω), and optical conductivity σ(ω) of CsCaCl3.
Energy range (in eV) for n(ω) < 1 When we look at the behaviour of imaginary part of dielectric function ε 2 (ω) and extinction coecient k(ω), a similar trend is observed from Fig. 6a and d . The extinction coecient k(ω) reaches the maximum absorption in the medium at 15.74 eV. Frequency dependent refractive index n(ω), reectivity R(ω), and optical conductivity σ(ω) are also calculated and the salient features of the spectra are presented in Table IV .
The optical reectivity R(ω) is displayed in Fig. 6e and the zero-frequency reectivity is 5.34%, which remains almost the same up to 5.10 eV. The maximum reectivity value is about 46.03% which occurs at 16.14 eV. Interestingly, the maximum reectivity occurs where the real part of dielectric function ε 1 (ω) goes below zero, as seen and hence it can be used in the optoelectronic devices like UV detectors. This compound is found to be optically isotropic in the lower energy region, though it is structurally anisotropic, which is the main requirement for the scintillator applications. This type of work is reported in the literature [40] . The above mentioned optical parameters strongly depend on the band structure and our results are in agreement with the results of Tyagi et al. [12] and Macdonald et al. [31] .
In order to consider the number of valence electrons per unit cell involved in the interband transitions we evaluate the sum rule. The eective number of the electrons, n eff taking part in transition up to frequency ω can be calculated by using the following sum rule [37] :
n eff (ω) = ω 0 σ(ω)ω. The highest contribution to this comes from the Cs 5p orbitals as compared to others.
Conclusions
In this work, we have studied the structural, elastic, electronic, and optical properties of the cubic perovskite property, which indicate that it is a better candidate for scintillator applications.
